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(54) Wafer handling arm 



(57) A modular wafer processing system requires a wafer handling arm with a minimum of moving or 
sliding surfaces which can generate dust. The arm is constructed of a first rigid arm (252) pivoted on the 
axis of a fixed cam (24). and a second rigid arm (256) with a wafer holder (280). A pulley (254) is rotatabry 
mounted on the axis (272) of the pivot of the arms and a belt (243) extends around the pulley (254) and 
the cam (242). The belt (243) is fixed to the cam (242) at a point (242f). The arm is used in a wafer 
handling apparatus provided with reduced atmosphere chambers in modules {200a, 200b) , Fig. 1 (not 
shown), to which process modules (301a, 301b) are attached. Gate value modules (100a, 100b etc) are 
provided between the chamber and process modules. 
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SPECIFICATION 
Wafer handling arm 

5 Field of the Invention . , 5 

This Invention pertains to a robot arm suitable for use in a modular semiconductor wafer 
processing system. 

Background of the Invention 
10 Inthe prior art robot arms for handling wafers had parts which slid on each other or meshed 10 
with each other thereby creating dust. 

Object of the Invention . . . . 

It is the object of the invention to devise a robot arm for handling wafers in a vacuum which 
15 eliminates parts sliding on each other. 

It is a further object of the invention to provide a robot arm wherein the carrying end of the 
arm traverses an approximately iinear path over a substantial portion of the stroke of the arm. 

Summary of the Invention m . nrk 

20 A two-piece robot arm uses a specially shaped cam on which a drive cable wraps and zo 

unwraps as the arm moves thereby eliminating sliding belts and gears. 
The robot arm includes a first arm and a second arm rotatably attached to the first arm. The 

carrying end of the second arm traverses an approximately linear path over a substantial portion 

of its stroke when the first arm is rotated about a fixed cam. 
25 These and further constructional and operational charactenstics of the invention will be more 25 

evident from the detailed description given hereinafter with reference to the figures of the 

accompanying drawings which illustrate one preferred embodiment and alternatives by way of 

non-limiting examples. 

30 Brief Description of the Drawings 

Figure t is a partially schematic plan view of one embodiment of the system according to the 

invention. . " i 

Figure 2 shows a partial perspective view of the system shown in hig. i . 
- Figure 3 shows a partially schematic plan view of a second embodiment of the system 
35 according to the invention. 

Figure 4 shows a partially cutaway side view of the gate valve module according to the 

invention. m . _ . . , A 

Figure 5 shows a partially cutaway top view of the gate valve module of Fig. 4. 
Figure 6 shows a schematic top view of the wafer transport arm according to the invention 
40 with the arm shown also in phantom in a second position. 

Figure 7 shows a partial sectional view of the arm of Fig. 6. 

Figure 7 A shows a flow chart for deriving an actual cam profile from a theoretical cam profile. 

Figure 7B shows one embodiment of an actual cam together with the path traced by the 
center of the wafer" holder* AWZ 
45 Figure 8 shows a schematic plan view of a particularly preferred embodiment of the loadlock 45 
module according to the invention. . , . 0 

Figure 9 shows a perspective view of the wafer handling arm and aligner or Pig. o. 

Figure 10 shows a schematic diagram of an embodiment of a sputter module according to the 

50 ,R ^Figure 1 1 is a top view in partial section of the sputter module according to the invention. 50 
Figure 12 is a perspective view in partial section of the module of Fig. 1 1. - 
Figure 13 is a sectional view of the drive mechanism of the module of Figs. 11 and 12 along 



35 



40 



55 



the section line 13-13 as shown in Fig. 15. 

Figure 14 is a sectional view of the drive mechanism of the module of Fig. 1 1 along the 

55 section line 14—14. ... - e - c 

Figure 15 is a sectional view through the module of Fig. 11 along the sectional line 15-15. 
Figure 16 is a cross-sectional view of the mechanism for receiving the wafer from the 
transport arm along the section line 16-16 shown in Fig. 12. 

60 Detailed Description of the Preferred embodiments 60 
Referring now to the drawings wherein reference numerals are us d to designate parts 
throughout the various figures th reof, ther is shown in Fig. 1 a partially sen matic plan vi w of 
on embodiment of modular semiconductor wafer transp rt and processing syst m 1 of the 
present invention. Modular wafer processing system 1 includes wafer handler and loadlock 

65 module 400, gate valve modules 100a-100f, transfer modules 200a and 200b, process mo- 65 
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dules 300a-300d, and pass-through module 500 c nnect d between transfer modules 200a and 
200b. 

Wafer handler and ioadlock module 400 is generally rectangular in plan view and region 407 
exterior to loadfock chamber 406 and within the confines of module 400 is at atmospheric 
5 pressure. A controlled, low particulate atmosphere environment is provided in this portion of the 5 
system. In operation, a selected wafer to be processed is loaded from a selected one of semi- 
standard or equivalent wafer cassettes 402-403 in wafer handler and Ioadlock module 400 by 
means of wafer handler 405 which transports the selected wafer from its cassette to wafer 
aligner and flat finder 408 and from wafer aligner 408 to Ioadlock chamber 406. Wafers may 
10 also be loaded from cassette 404 which is reserved for process qualification wafers. Cassette 10 
401 is a storage cassette allowing wafers to cool after processing hefore being placed in one of 
the other cassettes or thin film monitor 409. Wafer cassettes 401-404 are tilted at a small 
angle relative to the horizontal, for example. 7 degrees, so that the planar surfaces of the wafers 
in cassettes 401-404 are offset from the vertical by this same small angle so that the wafers 
15 are tilted to be in a known direction relative to the wafer retaining slots in the cassette when 15 
resting in their cassettes. During the transfer of a selected wafer from its cassette into Ioadlock 
chamber 406, the wafer is first moved by wafer handler 405, while maintaining the surface of 
the wafer in a vertical orientation, to wafer aligner 408. The selected wafer is then rotated so 
that the planar surfaces of the wafer are horizontal and placed in Ioadlock 406, which is then 
20 open to the atmosphere. The planar surfaces of the wafer then remain horizontal during the 20 
transport of the wafer through gate valve module 100a into transfer module 200a by transfer 
arm 201a which extends through entry-exit port 210 of transfer module 200a and gate valve 
module 100a to withdraw the wafer in Ioadlock chamber 406. 
Transfer module 200a has four ports, 210. 211, 212 and 213. Ports 210, 211 and 212 are 
25 controlled by gate valve modules 100a. 100b and 100c, respectively. Port 211 and its corre- 25 
sponding gate valve module TOOb connects chamber 215 of transfer module 200a with chamber 
301a of process module 300a. Similarly, port 212 and corresponding gate valve module 100c 
connects chamber 215 of transfer module 200a with chamber 301b of processing module 
300b. Interior chamber 215 of transfer module 200a is maintained at a selected pressure less 
30 than atmospheric pressure by a conventional pumping mechanism (not shown in Fig. 1). In order 30 
to increase the rate at Which chamber 215 may be evacuated, chamber 215 is dimensioned 
relative to arm 2Q1a to minimize the volume of chamber 215. 

After unloading the wafer from Ioadlock chamber 406, transfer arm 201a retracts into transfer 
chamber 215 and gate valve 10Qa is closed. Transfer arm 201a then rotates through a selected 
35 angle in order to present the wafer to a selected process port 211 or 212, or to transfer port 35 
213. When a selected wafer is presented to a process port. e.g.. port 211, the corresponding 
gate valve module, e.g., module 100b, which is closed during the transfer of the selected wafer 
from Ioadlock 406 into chamber 215 of transfer module 200a, is opened by means of a control 
system (not shown). Arm 201a is then extended through the process port, e.g., port 211, and 
40 the corresponding gate valve module, e.g., module 100b, into the corresponding process cham- 40 
ber, e.g.. chamber 301a of the corresponding process module, e.g., 300a. The wafer is then 
off-loaded by means not shown in Fig.- 1. 

The process modules 301a and 301b may be the same, so that the same operation is 
performed therein, or these modules may be different with different operations being performed 
45 therein. In either case, the provision of two process modules 300a and 300b connected to 45 
transfer module 200a via ports 21 1 and 212 and gate valve modules 1O0b and 100c respec- 
tively, together with entry/exit port 210 and valve 100a connecting transfer module 200a to 
wafer handler and Ioadlock 400 permits non-serial processing of wafers and increased through- 
puts compared to sequential processing systems. The time required to transfer a wafer from a ' 
50 wafer cassette and .off-load the wafer in a selected process module is typically much less than 50 
the time required for the processing of the wafer within the process module. Thus, when a first 
wafer has been transferred from an input cassette into a selected one of process modules 300a 
and 300b, during the initial period of processing in process chamber 300a, a second wafer may 
be transported from Ioadlock chamber 406 to process module 300b. Transfer arm 201a may 
55 then rotate back to port 21 1 to await the completion of processing of the wafer in process 55 
module 300a. Thus, during a substantial portion of the time processing is occurring simultane- 
ously in process modules 300a and 300b. If desired, process module 300b may be a pre- 
process module for sputter etch cleaning, or for deposition of a metal film by a process other 
than sputtering, for xample chemical vapor deposition, when th main process stations are 
60 mployed for sputter d position. The waf rs may th n be proc ss d in the remaining process 60 
chamb rs in system 1. 

The provision of the second entry/exit port 213 in transfer module 200a permits connection 
to additional process modules 300c and 300d. Transfer module 200a is connected to an 
identical transfer module 200b (corresponding parts bear the same numerals) via pass-through 
65 modui 500. Pass-through modul 500 connects entry/ xh port 213 of transfer module 200a 65 
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with entry /exit port 210 of transfer module 200b, thus forming a single vacuum chamber. When 
it Is desired to transfer a wafer carried by arm 201a to one of process chambers 300c and 
300d, the waf r is offloaded to a flat align r 501 in pass-through module 500. Th wafer is 
then on-loaded to arm 201b of transfer module 200b and transferred into the selected ne of 
5 process modules 300c through 300e by arm 201b via corresponding gate valve modules 100d 5 
through 100f. When a wafer has been completely processed, it is returned from the processing 
module in which it resides to loadiock chamber 406 and thence to. a selected cassette 
(401-404) via transfer aim 201a or via transfer arm 201b, pass-through chamber 501 and 
transfer arm 201a. Process module 300e is drawn with dashed lines to indicate that it is 

10 optional and to illustrate the capability of adding modules at will. 10 
The system shown in Fig. 1 may be expanded linearly by replacing gate valve lOOf and 
process module 300e by a pass-through module, identical to pass-through module 500, connect- 
ing transfer module 200b with a transfer module (not shown) identical to transfer module 200b, 
which is in turn connected to a corresponding plurality of process chambers. The system shown 

15 in Fig. 1 may also be expanded in a non-linear fashion by replacing process module 300d by a 15 
pass-through module, identical to pass-through module 501, connecting transfer module 200b 
with a transfer module (not shown) identical to transfer module 200b which is connected to a 
corresponding plurality of process chambers. If desired, optional process module 300e may also 
be replaced by a second wafer handler and loadiock module identical to wafer handler and 

20 loadiock module 400. 20 
The configuration of the processing system shown in Fig. 1 permits non-serial processing, i.e., 
any wafer entering loadiock 406 may be transferred to a selected process chamber without 
passing through any other process chamber and any wafer may be transferred from a selected 
process chamber to any other selected process chamber or to loadiock chamber 406 without 

25 passing through any intermediate process chamber. The operation of the transfer arms, gate 25 
valves, flat aligners and loadiock chamber in system 1 are controlled by a master controller 
circuit (not shown). The master controller circuit is typically operated so that the gate valves are 
sequenced so that no given process chamber is in direct communication with another process 
chamber. Thus the system provides complete dynamic isolation. 

30 The non-serial processing afforded by system 1 permits continued operation of the remaining 30 
process modules when a particular process module is inoperative. The non-serial processing also 
permits the performance of a replacement process module or of any designated process module 
to be checked while the remainder of the system continues to operate. For example, if it is 
desired to check the performance of module 300c, a monitor wafer stored in cassette 404 may 

35 be transferred into process chamber 300c, processed and returned to cassette 404. During the 35 
processing in chamber 30Oc, the remainder of system 1 continues to process production 
wafers. 

Fig. 2 shows a partial perspective view of the semiconductor wafer transport and processing 
system shown in Fig. 1. In particular the housing of transfer module 200a is generally cylindrical 

40 in shape, and includes circular top 298, circular bottom 296 and cylindrical wall 297, joining top 40 
298 and bottom 296. The housing may be made of any suitable vacuum compatible material, 
for example, stainless steel. 

The ports of each transfer chamber are defined by extensions of the housing which form 
horizontal slots extending from interior chamber 215 to the exterior of the housing. For example, 

45 port 210 (Fig. 1) is defined by housing extension 299a, shown in Rg. 2. 45 
Fig. 3 shows a partially schematic plan view of a second embodiment of the wafer transport 
and processing system of the present invention. Wafer transport and processing system 2 
includes entry wafer handler and loadiock module 40a, exit wafer handler and loadiock module 
40b, transfer modules 20a and 20b, gate valve modules 10a-10h, and process chambers 30b, 

50 30c, 30f and 30g. Wafer handler and loadiock module 40a is the same as wafer handler and • 50 
loadiock module 400 shown in Rg. 1. Transfer module 20a includes a vacuum chamber having 
ports 21a-21d for communicating the interior 23a of transfer module 20a with the exterior of 
module 20a. Ports 21a-21d are opened and closed by gate valve modules 10a— 10d. Transfer 
module 20a is connected to an. identical transfer module 20b via flat aligner 50a, thus forming a 

55 single vacuum chamber which is evacuated by conventional pumping means not shown in Rg. 3. 55 
Flat aligner 50a may be replaced by any suitable means for positioning a wafer in a desired 
rotational orientation. Transfer module 23b has four ports, 21e-21h, which are opened and 
closed by gate valve modules 10e-10h, respectively. The interior 31c of reactive ion etch 
module 30c is connected to interior chamber 23a of transfer module 20a and to interior 

60 chamber 23b of transfer module 20b via ports 21c and 21h, respectively, which are controlled 60 
by gate valve modules 10c and 10h, respectively. Similarly, the interior chamber 31b of sputter 
module 30b communicates with interior chambers 23a and 23b of transfer modules 20a and 
20b via ports 21b and 21e, respectively, which are c ntrolled by gate valve modules 10b and 
10e, respectively. Port 21 g, controlled by gate valve module 10g, connects interior chamber 23b 

65 of transf r modul 20b with interior chamber 31g of chemical vapor deposition module 30g. 65 
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Port 21f, controlled by gate valve modul 10f, communicates Interior chamber 23b of transfer 
module 20b with interior chamb r 31f of rapid anneal module 30f. - 

Master controller 60 communicates with each process chamber controller P and with entry 
module 40a and exit module 40b and operator control panel via standard communication bus 
5 61. 5 
In operation, a selected wafer Is transported by a wafer handler (not shown in Rg. 3J from a 
selected wafer cassette (not shown in Fig. 3) in entry module 40a to flat finder 50b and thence 
to loadlock chamber 46a, which is the same as ioadlock chamber 406. shown in Fig. 1 . Transfer 
arm 201c of transfer module 20a extends into loadlock chamber 46a via port 21d which is 

10 opened and closed by gate valve module 10d. The selected wafer is then on-loaded to transport 10 
arm 201c which then retracts into interior chamber 23a of transfer module 20a. Arm 201c then 
rotates through a selected angle to present the selected wafer to port 21c or 21b or to flat 
finder 50a. A wafer transferred to flat finder 50a may be on-loaded onto either transport arm 
201 d or onto transport arm 201c. Wafers orHoaded from flat finder 50a to transport arm 20 Id 

15 are then retracted by transport arm 201d into chamber 23b rotated through a suitable angle and 15 
presented to a selected port 21 g or 21f. The gate valve module controlling the selected port 
then opens the port and transport arm 201d extends into the interior chamber of the selected 
process module where it fs off-loaded by means not shown in Fig. 3. When fiat orientation is 
not required for a wafer or cirulariy symmetric substrate, the wafer or substrate can be trans- 

20 f erred from transport arm 201c into process chamber 31c or process chamber 31b via gate 20 
valves 10c and 10b, respectively, and from there, via gate valves 10h and 10e, respectively, 
directly to transport arm 201d, bypassing flat finder 50a. When a wafer has been completely 
processed, the wafer Is on-loaded to the transport arm servicing the process module in which 
the wafer is located, and transferred back to exit port 21a. For a wafer in process module 30b 

25 or 30c, this is accomplished through the retraction of transport arm 201c from the process 25 
chamber, followed by a suitable rotation of transport arm 201c, which is then extended through 
port 21a, which is controlled by gate valve module 10a, into loadlock chamber 46b. For a wafer 
in process module 30g or 30f, the wafer is first transferred to transport arm 20 Id and from 
arm 20 1d to arm 201c via flat finder 50a. 

30 Semicircular arc 25 denotes that the system shown in Fig. .3 may be expanded by adjoining a 30 
third transfer module similar to transfer module 20b to a flat finder located at semicircular arc 
25. 

The modules shown in the embodiment of Fig, 3 are interchangeable, allowing the system to 
be configured with any combination of modules that may be desired. 

35 The system shown in Rg. 3 has the same advantage of non-serial processing as the system 35 
shown in Rg. 1. The system shown in Rg. 3 is somewhat more flexible in that transport arm 
20 Id services four processing ports and transfer arm 201c services two processing ports and 
both an entry and exit module. If desired, entry module 41a may serve as both an entry and 
exit module and exit module 4Tb may be replaced by a process module. Similarly, if desired, 

40 any process module may be replaced by an exit module or by an entry module. 40 
Figs. 4 and 5 show a partially schematic cross section and a partial cutaway cross section, 
respectively, of one embodiment of gate valve module 100. Gate valve module 100 controls the 
passage between port P, and port P 2 - Port P t is defined by extension 299x of t|ie housing of a 
first chamber which is either a process chamber, a transfer chamber or a loadlock chamber, 

45 which extension forms a generally rectangular slot dimensioned to accommodate the extension 45 
therethrough of wafer transport arm 201 shown in Fig. 6. Such an extension (299a) of the 
housing of transfer module 200a is shown in perspective view in Rg. 2. Port P 2 is similarly 
defined by extension 299y of the housing of a second chamber (not shown in Fig. 4). 
Housing extensions 299x and 299y defining ports P, and P 2 are attached to valve body 102 

50 by means of a first .plurality of screws S, and a second plurality of screws S 2 driven throtigh 50 
flanges 295 and 296 respectively. Valve body 102 may be made of stainless steel or other 
suitable material. Elastomeric O-rings 103 and 105 between flanges 295 and 296 respectively 
and body 102 provide a vacuum seal. Valve body 102 has a horizontal slot 160 which extends 
from port P, to port P a when valve gate 125 fs lowered to the phantom position shown by the 

55 dashed lines in Rg. 4. Slot 160 is shown in side view in Rg. 5 and is dimensioned to 55 
accommodate the extension of wafer transport arm 201 shown in Fig. 6 from port P, to port 
P 2 . The dashed line A ih Rg. 5 denotes the central plane of slot 160. When valve gate 125 is 
in its fully retracted positron it does not extend into Slot 160. This position is denoted by the 
dashed line in Fig. 4. Wh h gate 125 is in its fully extended position, elastomeric O-ring 104, 

60 which is seated in .notch 1Q4a, forms a vacuum seal between port P, and port P a . Elastom ric 60 
strips 106 and 107 seated in notches. 106a and 107a, r specttvely, do not perform a vacuum 
s aiing function. Rather, when valve gate 125 is in its fully extended position, strips 106 and 
107 provide contact b tween body 102 and gate 125 so that a rotational m merit is produced 
on gate 125 which opposes the rotational moment on gate 125 produced by the contact 

65 between lastomeric O-ring 104, body 102 and valve gate 125. In cross-section, valve gate 126 65 
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is a unl n of two trapezoids 125a and 125b. Edge E, of trapezoid 125a extends from point 109 
to p int 108 forming an acut angl alpha f approximately 45° with the horiz ntal. A substan- 
tially larger angle is not desirable since it would then be difficult for elastomeric O-ring 104 to 
sealingly engage body 102 when valve gate 125 is fully extended. Edge E 2 of trapezoid 125b 
5 forms an angle beta with the horizontal. In the embodiment shown In Fig. 4 the angle alpha 5 
equals the angle beta but this is not critical. 

A novel feature of gate valve module 100 is the asymmetry of the cross section of valve gate 
125. Since only O-ring 104 provides a vacuum sealing function, trapezoid 125b is made sub- 
stantially narrower than trapezoid 125a; i.e., the length of line segment 126 is less than the 

10 length of line segment 127. In one embodiment, the difference in length between line segment 10 
126 and line segment 127 is approximately one inch, Thus the distance between port P, and 
port P 2 is substantially reduced compared to prior art valve modules which employ two O-rings 
and wherein trapezoid 125b is congruent to trapezoid 125a. 
Bearings 110 and 111 serve to guide valve gate 125 as it translates vertically in slot 144 of 

16 body 102. Valve gate 125 is mounted on shaft 132 which is screwed into valve gate 125 by 15 
threaded extension 133 of shaft 132. Valve body 102 is mounted to housing 138 by screws 
(not shown). Metal bellows 130 is mounted by flange 134 to body 102 by screws 55. Stainless 
steel shaft 140 has a greater diameter than stainless steel shaft 132. Elastomeric O-ring 134a 
berween flange 134 and valve gate body 102 provides a vacuum seal between the chambers 

20 (not shown) connected to ports P, and P 2 and the atmosphere exterior to valve module 100. 20 
Shaft 132 is coaxial with and rigidly mounted on shaft 140. Shaft 140 translates vertically in 
cylindrical cavity 141 formed by housing 138 thus causing valve gate 125 to translate vertically 
in slot 144. As shown in Fig. 5. shaft 132 is positioned so that longitudinal axis 128 of shaft 
132 is located at the lengthwise midpoint of valve gate 125 having length L. Shaft 132 is also 

25 positioned so that the sum of the moments about the axis perpendicular to the plane of the 25 
cross-section shown in Fig. 4 and passing through axis 128 and the lower surface of valve body 
125 is zero. These moments are caused by the forces acting upon O-ring 104 and elastomeric 
strips 106 and 107 when valve body 102 is fully extended. Housing 138 is mounted on air 
cylinder 150 by means of screws 56. Shaft 140 is translated vertically by a conventional air- 

30 driven piston mechanism 150. 30 
Rg. 6 shows a plan view and Fig. 7 shows a partially cut-away side view of wafer transport 
ami mechanism 201. Arm mechanism 201 is one emodiment of transfer arm 201a employed in 
transfer module 200a of Fig. 1 or of arm 201 in module 20 in Rg. 3. Arm mechanism 201 
includes cam 242. a first rigid ami 252. pulley 254. second rigid arm 256 and wafer holder 

35 280. , 35 

Wafer holder 280. shown schematically in Rg. 6. is fixedly mounted on one end of arm 256. 
The other end of ami 256 is rotatably mounted to one end of arm 252 by means of shaft 272. 
Shaft 272. which passes through one end (252b) of arm 252. has one end fixedly attached to 
arm 256 and the other end fixedly attached to the center of pulley 254. Shaft 272 rotates about 

40 axis 273 against bearings 275. as shown in Fig. 7. Thus, arm 256 rotates with pulley 254. The 40 
other end (252a) of arm 252 is fixedly mounted on shaft 232 which is the inner shaft of dual 
shaft coaxial feedthrough 244 (Rg. 7). Vacuum feedthrough 224. for example a ferrofluidic 
feedthrough, provides a vacuum seal between the interior of housing 220 of wafer arm mecha- 
nism 201 and the exterior of housing 220. Vacuum feedthrough 224 is attached to housing 220 

45 by means of flange 222. Such a ferrofluidic feedthrough is well known in the art; for example, a 45 
ferrofluidic feedthrough made by Ferrofluidic, Inc.. may be used to implement the drive mecha- 
nism described herein. Outer shaft 238 of ferrofluidic feedthrough 224 is fixedly attached to cam 
242. Both inner shaft 232 and outer shaft 238 are independently rotatabie about the longitudinal 
axis 250 of shaft 232 and shaft 238 by means of a pair of motors 230 and 23 1 (not shown). 

50 Axis 250 is perpendicular to the floor of and passes through the center of vacuum chamber 215 50 
containing arm 201. 

Belt 243 is in contact with a portion of the perimeter of cam 242 and a portion of the 
perimeter of pulley 254. Belt 243 is fixed to cam 242 at point 242f on the perimeter of cam 
242 and to pulley 254 at point 254f on the perimeter of the pulley. Belt 243 can be, for 

55 example, a stainless steel non-toothed belt or a metal cable. 55 
Fig. 6 shows transport arm mechanism 201 fully extended through port P,. In this embodi- 
ment, when arm 201 is fully extended through port P,. the angle 6 between axis M, the midline 
of arm 252 passing through axis 250 and axis 273, and the midline A of port P, which passes 
through axis 250. is approximately 30°. In other embodiments, other angles may be selected in 

60 plac of 30°. In op ration, arm 201 is retracted through port P 1 by a counter-clockwise rotation 60 
of arm 252 about axis 250 while holding cam 242 fixed. This is accomplished by rotating inner 
shaft 232 of ferrofluidic feedthrough 224 while out r shaft 238 remains fixed. Cam 242 is 
shaped so that as arm 252 rotat s in a counter-clockwise direction, stainless steel cable 243 
wraps and unwraps around cam 242 thereby rotating pulley 254 so that wafer holder 280 

65 moves in a generally linear path along midline A from its Hilly extended position to a retracted 65 
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position inside vacuum chamber 215 as shown by phantom position 280'. 

Once wafer transfer arm 201 has been retracted inside chamber 21 5, both arm 252 and cam 
242 are rotated through a selected angle by rotating both inner shaft 232 and outer shaft 238, 
respectively, through the same selected angles so that arm mechanism 201 is properly posi- 
5 tioned to be extended through a second selected port. The ports P, through P 4 shown in Fig. 6 5 
are 90° apart, so that for this embodiment shafts 232 and 238 are rotated through a multiple of 
90° to position wafer transport arm 201 for an extension through another port. The extension Is 
accomplished by rotating arm 252 about the axis of shaft 232 in a clockwise direction with 
respect to cam 242. 

10 Of importance, as stainless steel cable 243 wraps and unwraps from cam 242 as wafer 10 
transport arm 201 is extended or retracted through a selected port, there is no sliding or rolling 
friction between cam 242 and cable 243. Thus, this design is particular/ suitable for maintaining 
a clean environment within vacuum chamber 215. 
Cam 242 must be specially shaped in order to ensure than wafer holder 280 retracts (and 

15 extends) in an approximately linear manner along axis A. ff the motion, is to be linear, elementary 15 
plane geometry establishes that the angle 6 between port axis A and axis M and the angle phi 
between arm axis N connecting the center of wafer holder 280 and passing through axis 273 in 
the plane of fig. 6 are related by the folmula: 

20 phi«90°--e+cos- 1 [(d/f) sin 0) 20 

where d is the length of arm 252 from axis 250 to axis 273 and f is the length of axis N from 
axis 273 to the center of wafer holder 280. 
Table I shows a printout of 0, phi, the difference (decrement) delta phi in the angle phi for 
25 constant increments in the angle 0 of 3°, the ratio of the decrement in phi divided by the 25 
corresponding, increment in 0, the x,y coordinates of axis 273, and the stroke (the x coordinate 
of the center of wafer handler 280, for the case where d=10 inches (25.4 cms) and f=14 
inches (35.6 cms) ). 
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Cam 242 is d signed in two stages. First, the rati between the decrement delta phi in th 
angle phi divided, by the corresponding increment delta 6 in the angl 0 is computed for each 0. 
These ratios are then used to design a theoretical cam profile. If r represents the radius of pulley 
254, for each angle 0 (where O<0<18O°) a line segment having a length of (delta phi/delta 0)r 
5 is placed with one end at the origin, with the line segments extending from the origin at an 5 
angle of 0—90°. A smooth curve passing through the ends of these line segments (radii) defines 
one portion of the theoretical cam profile. The remaining portion of the theoretical cam profile 
(18O°<0<36O°} is defined by requiring that the cam- profile be symmetric with respect to the 
origin, since cable 242 is of fixed length and must wrap on one side of cam 242 as it unwraps 

10 from the other side. TO 
Next, since cam 242 drives pulley 254 by means of a smooth stainless belt which wraps and 
unwraps on pulley 242, modifications to the above profile must be made to take into account 
this physical drive system. An iterative feed forward modification process is employed as 
described by the flow chart in Fig. 7a. HeuristicaUy, the program starts with the selected angle 

15 0 O and the corresponding theoretical cam radius R<, and then checks for "interference" between 15 
the initial radius Rq and subsequent theoretical radii R„ Rj, . . . Rn corresponding to angles 
0o+derta ft 0 o +2 delta ft . . . , 0 O +N (delta 6) for a selected positive integer N, and a selected 
delta 0. "Interference" is defined by the inequalities appearing in the flow chart Whenever an 
interference is found, the theoretical radius Rq is reduced by 0.001 and the process repeated 

20 until the initial radius has been reduced so that it does not "interfere". This reduced valve R* 0 is 20 
then the intial radius (for the angle of the actual cam. The entire process is then repeated for 
the next theoretical radius R„ and so on. The reduced radii R* 0 , R*„ . . . define a corresponding 
portion of the actual cam profile by passing a smooth curve through the end points of these 
radii. 

25 It should be observed that the constant 0.001 by which the radius Is reduced and the 25 
maximum tolerance and 0.002 in the test inequalities in the flow chart of Fig. 7A may be 
replaced by other small constants depending on the degree of accuracy sought. Rg. 7b shows 
an actual cam profile and tfie motion of the point at the center of the wafer holder along the 
path P for the case where r=1, d=10, f=»14; using the above process to define the active 

30 portion of the cam profile 242 where N« S3 7 and delta 5=3°. In the above figure the active 30 
portion of the cam. profile occurs for values of 6 from 25° to 129°. An active portion of the cam 
profile is a portion of the profile from which the stainless steel belt 243 wraps and unwraps. 
The active cam is also defined by symmetry about the origin but the wrapping and unwrapping 
in the left half plane is not shown for the sake of clarity. The inactive portion of the cam may 

35 be defined in any manner which does not interfere with the active profile of the cam 242, as, 35 
for example, shown in Rg. 7b, which is drawn to scale. The fixed point 242f may be selected 
as any point in the inactive' portion of the cam profile where the belt makes contact. The filxed 
point 254f is selected so that the induced rotation of pulley 254 does not cause the fixed point 
254f on belt 243 to rotate off pulley 254. If desired, the belt may be extended from a first 

40 fixed point in the inactive region of the profile of cam 242, around pulley 254 and back to a 40 
second fixed point in the inactive region of the profile of cam 242. 

In the embodiment described above pulley 254 is circular. However, a similar process for 
defining the profile -of cam 242 to provide linear motion may also be employed with circular 
pulley 254 being replaced by a noncircular cam (pulley). 

45 In another embodiment of the wafer holder and loadtock module 400 (Fig. 1) which is to be 45 
particularly preferred, three or more cassettes of wafers are loaded into the vacuum in separate 
loadlocks in order to facilitate high speed processing and wafer outgassing. As shown in Fig. 8. 
cassettes 402, 404 and 406 are shown in loadlock chambers 408, 410 and 412, respectively. 
The cassettes are loaded through doors 414, 416 and 418 from the clean room. These loadlock 

50 chambers are pumped from below by suitable pumping means (not shown). When suitable levets 50 
of vacuum are achieved valves 420, 422 or 424 (shown only schematically) may be opened to 
permit movement of the wafers from the cassette into the wafer loadlock handling chamber < 
426. Within the chamber 426, a handling arm driving mechanism 428 is mounted on a track 
430. The handling arm driving mechanism 428 may be moved along the track 430 to align with 

55 each of the loadlock chambers 408. 410, 412. A two-piece arm 432 is mounted above and 55 
driven by the handling arm driving mechanism 428. The arm 432 is used to reach through any 
one of the valves 420, 422, 424 to pick up a wafer from a cassette or to return a wafer to the 
cassette. Elevators (not shown) below the tables on which the cassettes rest are used to raise 
or lower th . cassettes to permit the arm to reach differ nt wafers in each cassett . The arm 

60 432 can be used to move the wafer to a resting table 434 from which it is picked up by 60 
another wafer handling d vice of the system. Hot waf rs picked up by the arm 432 can be 
moved to storage cassettes 436 or 438 to permit the wafer to cool before moving the wafer 
back to the cassett . 

An important feature of the invention is the concentric wafer orientation device incorp rated 
65 into th handling arm driving mechanism 428. A table 436 rests on a shaft (not shown) which is 65 
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concentric with the shaft connecting the handling arm driving mechanism 428 to the handling 
arm 432. A view of this arrangement is shown in Fig. 9. A wafer is placed over the table 436 
by the arm 432. The table 436 is rotated so that the wafer edg passes between light emitter 
438 and light detector 440. Rotati n f th edge of the wafer through the light beam provides 
5 light intensity variation information as a function of angle of rotation which permits the central 5 
computer to calculate the centroid of the wafer and the position of the flat. The computer then 
aligns the flat and stores the information on the true center for setting the wafer on the table 
434. Further details of this embodiment of the loadlock module are given in the copending 
application of Richard J. Hertel et al entitled "Wafer Transport System", filed on even date, the 

10 disclosures of which are hereby incorporated by reference. 10 
The wafer pass through module 500 can also use the same rotational flat alignment described 
above in the flat aligner 501. The rotatable table 436 receives the wafer into the module 600. 
The light emitter 438 and light detector 440 are used to provide light intensity information as 
previously described to permit aligning the wafer. 

15 Fig. 10 shows a schematic diagram of one embodiment of sputter module 350. Sputter 15 
module 350 includes pre-process vacuum chamber 301, wafer handler arm 340, valve 338 
which provides a vacuum seal between process chamber 301 and sputter chamber 302, sputter 
source 304, heater 315, and match box 316. Jn operation, a wafer is transferred from the wafer 
transport arm mechanism (not shown in Fig. 10; see Figs. 6. 7) in transfer chamber 200 to gate 

20 valve module tOOtm to wafer handler arm 340 which is shown in more detail in Figs. 1 1-14 20 

~ and Fig. 1£. Gate valve module 100tm is the same as gate valve module 100 shown in Figs. 4 
and 5. When the transfer of the wafer from the transport arm mechanism in chamber 200 to 
wafer handler arm 340 is complete, valve 100tm is closed via a control mechanism (not shown). 
In this manner the atmosphere in process chamber 302 is isolated from the atmosphere in 

25 transfer chamber 2O0. Wafer handler arm 340 then rotates the horizontal wafer W clipped 25 
thereto through 95* within process chamber 301 so that the planar surfaces of wafer W make 
an angle of 5° with the vertical. This rotation is shown in perspective view in Fig. 12. Wafer 
handler arm 340 then rotates with wafer W clipped thereto through valve opening 338 into 
process chamber 302 and then rotates with wafer W through 5° so that the planar surfaces of 

30 the wafer are vertical and a portion of the back surface of wafer W rests on heater 315. Heater 30 
315 is well known in the art and may be. for example, part no. 682530 made by Varian 
Associates, Inc. Match box 316 provides an impedance transfer between the RF heating source 
(not shown) and the heater glow discharge. With the wafer at a selected temperature, sputter 
source 304 is then activated via a control mechanism (not shown in Fig. 10. Gas line 309 

35 provides argon gas at a selected pressure to valve 310. Needle valve 311 controls the flow of* 35 
argon from valve 310 to sputter chamber 302. Needle valve 312 controls the flow of argon to 
the cavity formed between the back surface of wafer W and heater 315. Switch 308 is a 
pressure activated switch which acts as a back up safety switch to cut power to sputter source 
304 and all other electrical apparatus associated with the sputter module when the pressure in 

40 chamber 302 rises above a selected level less than or equal to atmospheric pressure. Interlock 40 
switch 306 is a safety switch which cuts power to source 304 when the access door (not 
shown) in Fig. 10 is opened. Similarly, interlock switch 314 is a safety switch which cuts power 
to heater 315 when cooling water flow fails. Gauges 318 arid 319 measure pressure in chamber 
301. Roughing gauge 318 measures pressures in the range between atmospheric pressure and 

45 10 -3 torr. Ion gauge 319 measures pressure less than approximately 10 ~ 3 ton*. Interlock switch 45 
317 is a safety switch which cuts power to prevent opening of valve 338 when chamber 301 is 
at atmospheric pressure. 

A capacitance manometer gauge 320 is a pressure measuring device which senses pressure in 
chamber 301 and may be isolated from chamber 301 by valve 313. The pumping mechanism 

50 used to evacuate chamber 301 is well known and includes roughing pump 323 which reduces 50 
pressure in chambers 301 and 302 via valve 336 to a selected pressure, approximately 10~ 2 
torr; high vacuum pump 322, for example a cryopump, then further evacuates chambers 301 
and 302 via valve 324 when valve 336 is closed. Valve 324 is closed to protect pump 322 
when chamber 301 is vented to atmosphere. Chambers 301 and 302 are protected by a trap 

55 (not shown) in the pumping system foreline. Valve 325 is used to evacuate pump 322 for 55 
starting the pump. 

Fig. 16 shows a cross-sectional view of the mechanism by which a wafer is transferred from 
wafer transport arm mechanism 201 shown in Figs. 6 arid 7 to wafer arm 340 in sputter 
module preprocess chamber 301. A wafer is transported into chamber 301 by arm mechanism 

60 201 (not shown in Fig. 16, but shown in Fig. 6) being extended through port P so that wafer W 60 
carri d by waf r holder 280 of arm 201 is s'rtuat d above a first tabl 500. Table 500 is rigidly 
mounted on shaft 501 which, driven by air cylinder 502, is linearly translatable verticallyvas 
indicated by double-head d arrow 518. Shaft 501 passes through flange 397 into vacuum 
chamber 301. Bellows 522 which is welded to flange 398 which is mounted to flange 397 of 

65 housing 396 and elastomeric 0-ring 520 between b Hows 522 and shaft 520 provide a vacuum 65 
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seal between chamber 301 and the exterior atmosphere. Table 500 is dimensioned s that it 
may be elevated through the circular opening in wafer holder 280 (see Fig. 6) thus removing th 
wafer from holder 280 which is then withdrawn from chamb r 301 as xplained in conjunction 
with Figs. 6 and 7. At this point wafer W rests on table 500 as shown in Fig. 16, Note that 
5 the edge of wafer W extends beyond the perimeter of table 500 in the scalloped areas (not 5 
shown) of table 500 where clips will eventually engage the wafer's edge. Wafer arm mechanism 

340 is rotated (as explained below) so that circular opening 342 (Fig. 11) in wafer holder plate 

341 is centered above wafer W. A circular ceramic ring 511 is mounted beneath rim 510 of 
wafer plate 341. A plurality of flexible wafer clips are fixedly attached to ceramic ring 511 at 

10 approximately equal intervals. Two such clips, 512a and 512b, are shown in Fig. 16. A prong 10 
corresponding to each flexible wafer clip is rigidly attached to a second table 514. Prongs 514a 
and 514b corresponding to clips 512a and 512b are shown in Fig. 16. Table 514 is rigidly 
attached to shaft 503 which, driven by air cylinder 504, is linearly translatable in the vertical 
direction as indicated by double-headed arrow 516. Shaft 503 also passes through housing 396 

15 of chamber 301. Bellows 523 mounted to flange 398 of housing 396 and elastomeric 0-ring 15 
521 between bellows 523 and shaft 503 provides a vacuum seal between the chamber 301 
and the exterior atmosphere. When wafer W has been transferred to table 500, table 514 is 
then elevated so that each prong attached to table 514 engages its corresponding flexible wafer 
clip thereby opening the clip. Table 500 is then elevated so that wafer W is in line with the 

20 opened clips. Table 514 is then lowered causing the dips to close and engage the edge of 20 
wafer W. Fig. 16 shows clips 512a and 512b' engaging the edge of wafer W in the phantom 
position W\ Table 500 is then also lowered. This completes the transfer of wafer W from arm 
201 to arm 340. 

Arm extensions 345 and 346 of wafer plate 341 (Fig. 1 1) are rigidly attached to shaft 365 

25 which extends between arm extensions 345 and 346. This is shown in enlarged scale in Fig. 25 
13. Shaft 365 passes through gear box 360. Gear box 360 includes a conventional right angle 
gear mechanism 361 for coupling the rotation of drive shaft 367 to shaft 365. Drive shaft 367 
is rotated by turning pulley 368 rigidly attached thereto and driven by a suitable mechanism, 
e.g., a belt attached to first motor M, in housing 370. Motor M t drives shaft 367 which in turn, 

30 via right angle gear mechanism 361, causes wafer arm 340 on shaft 365 to rotate 95° from the 30 
horizontal (as shown in Rg. 12) along with wafer W clipped to ceramic ring 511 attached to rim 
510 of wafer arm plate 341. .-- 

Shaft 367 is the inner shaft of a dual shaft coaxial feedthrough 388 (which may have 
ferrofluidic seals). Shaft 367 passes from vacuum chamber 301 through housing 396 to exterior 

35 pulley 368. Elastomeric O-ring 373 provides a vacuum seal between vacuum chamber 301 and 35 
the atmosphere exterior to chamber 301. Outer shaft 378 of ferrofluidic feedthrough 388, which 
is coaxial with inner shaft 367, also extends through housing 396 to pulley 369 which is rigidly 
attached thereto. Outer shaft 378 is rotated by rotating pulley 369 by a suitable means, e.g., a 
belt, attached to motor' M 2 in housing 370. Elastomeric O-ring 372 between ferrofluidic housing 

40 374 and outer shaft 378 provides vacuum seal between chamber 301 and the atmosphere 40 
exterior to chamber 301. Housing 374 is welded to flange 375. Flange 396a is bolted to flange 
375. Flange 396a is welded to chamber wall 396. O-ring 371 provides a vacuum seal between 
chamber 301 (via flange 396a) and feedthrough 388. 
When wafer arm 340 has been rotated through approximately 95° from the horizontal, as 

45 shown in Fig. 12, it is then rotated through rectangular opening 338 into sputter chamber 302. - 45 
This rotation is accomplished by rotating outer shaft 378 by means of motor M 2 . The end of 
shaft 378 interior to chamber 301 is rigidly attached to gear box housing 360. As shaft 378 is 
rotated in a counterclockwise direction, gear box 360, shaft 365 and wafer arm 340 all rotate in 
a counterclockwise direction as shown in Rg. 1 2. A rotation through an angle of approximately 

50 90 b places wafer W in front of heater 315. By again rotating inner shaft 367, wafer W attached 50 
to ceramic ring 511, which is attached to wafer arm plate 341, is rotated through an angle of 
approximately 5° so that its back surface comes in contact with heater 315. When wafer arm 
340 is properly positioned with respect to heater 315, a pin (not shown) adjacent heater 315 
engages the alignment aperture 344a in protrusion 344 from wafer holder plate 341 shown in 

55 Fig. 11. 55 
Wafer holder plate 341.may.be one removable plate/shield or two stainless steel layers 341a 
and 341b as shown in cross section in Fig. 15. Top layer 341a is removably attached to 
bottom layer 341b by two screws (not shown). Top layer 341a shields bottom layer 341b from 
sputter deposition and helps reduc sputter deposition build up on the edge shield 530 sur- 

60 rounding ceramic ring 51 1. Layer 341a is replaced whenever sputter depositions on layer 341a 60 
builds up to undesirable levels. Sputter source 304 is well known in the art; for xample, sputter 

ource 304 may be Varian CONMAG™ and is therefore not described further her in. Sputter 
source 304 pivots open on hinge 304a (Fig. 11) to allow access to source targets and shields. 
When wafer handler arm 340 is in preprocess chamber 301, preprocess chamber 301 may be 

65 vacuum isolated from sputter chamb r 302 by means of rectangular door 351. Rectangular door 65 
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351 is attached to shaft 391 by brace 353. Shaft 391 is rotated by actuator 380 through a 
crank arm so that d or 351 Is in front of and slightly displaced from rectangular opening 338 to 
sputter chamber 302. As shown in Fig. 15, door 351 is dimensioned to be larger than pening 
338. Door 351 is slideable with shaft 391 and is lin ariy translated so that O-ring 352 sealingly 
5 engages the chamber housing surrounding opening 338, To this end, shaft 355 is translated 5 
along axis C so that end 355a engages door 351 and translates door 351 along axis C toward 
opening 338. The mechanism for driving shaft 355 contained in housing 381 is shown in more 
detail in Fig. 14. Shaft 355 is translated in either direction along axis C by a conventional air- 
driven piston attached to shaft 355. When shaft 355 is only partially extended toward opening 

10 338, O-ring 383 provides a dynamic vacuum seal between chamber 301 and atmosphere. 10 
However, when shaft 355 is fully extended, when door 351 is rotated away from its sealing 
position and is in fts rest position as shown as in Fig. 15, annular extension 355b of shaft 355 
engages elastomeric Oring 385~ so that a static vacuum seal is formed between housing 381 
and annular extension 355b. This novel static seal provides more reliable vacuum isolation 

15 between chamber 301 and atmosphere. 15 
Although the modular wafer transport and processing system of the present invention has 
been described primarily with respect to its application to semiconductor wafer or substrate 
processing, it should be understood that the inventive system is equally useful In the processing 
of many other wafer or disc-like workpieces. Neither is it required that other such workplaces 

20 have flats on their edges; workpieces which are fully circular in outline can be handled as well. 20 
More specifically, the inventive system is especially useful for processing any magnetic or optical 
storage medium in a wafer-like or disc-like form. 

This invention is not limited to the preferred embodiment and alternatives heretofore de- 
scribed, to which variations and improvements may be made including mechanically and Blectri- 

25 cally equivalent modifications to component parts, without departing from the scope of protec- 25 
tion of the present patent arid true spirit of the invention, the characteristics of which are 
summarized in the following claims. 



CLAIMS on 
30 1 . A semiconductor substrate transport arm comprising: 30 
a first cam; 
a second cam; 

a smooth belt extending from a first fixed point on the perimeter of said first cam around a 
portion of the perimeter of said second cam and back to a second fixed point on the perimeter 
35 of said first cam, said belt having a third fixed point on said second cam; 35 
a first arm member having a first end and a second end, said first arm member being 
rotatabfy mounted on said first cam at said first end of said first arm member; 

a second arm member having a first end and a second end, said second end being adapted 
for holding a semiconductor substrate; 
40 a shaft rigidly connecting said first end of second arm member and said second cam, said 40 
shaft passing through said second end of said first arm member; and 

means for rotating said first arm member relative to said first cam, said first cam being fixed, 
rotation of said first arm member in a first direction relative to said first cam causing said belt to 
wrap and unwrap from said first cam thereby rotating said second cam and said second arm 
45 rigidly attached thereto so that said second end of sard second arm member moves toward said 45 
first cam along a path which is approximately linear over a substantial portion of said path, 
rotation of said first arm member in a second direction relative to said first cam causing said 
belt to unwrap and wrap on said first cam thereby rotating said second cam and said second 
arm member rigidly attached thereto so that said second end of said second arm member 
50 moves away from said first cam along a path which is approximately linear over a substantial 50 
portion of said path. 

2. A semiconductor substrate transport arm as in claim 1 wherein said means for rotating 
causes said second end of said second arm member to move along a path having length of at . 
least D/2 where D is the distance between the axis of rotation of said first arm member relative 

55 to said first cam and the axis of rotation of said shaft. 55 

3. A semiconductor substrate transport arm as in claim 2 wherein said substantial portion is 
at least D/2. 

4. A semiconductor substrate transport arm as in claim 1 wherein said second cam is circular 
and said first cam is dimensioned relative to said second cam so that said rotation of said first 

60 arm in said first dir ction causes said second end of said second arm to move toward said first 60 
cam along said path which is approximately lin ar over a substantial initial portion of said path. 

5. As miconductor substrate transport arm as in claim 1 further including means for rotating 
both said first cam and said first arm m mber through the same selected angle about an axis 
passing through said first cam and said first end of said first arm. 

65 6. A semiconductor substrate transport arm as in claim 5 wherein said means for rotating 65 
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through said selected angle includes means for rotating through 90°, 180°, 270° and 360°, 
-90°, -180°, -270° and -360°. 

7. A semiconductor substrate transport arm as in claim 1 wherein said substantial portion is 
at least 1 /2 of the maximum path length transversible by said second end of said second arm 

5 member. 5 

8. A semiconductor substrate transport arm as in claim 1 wherein said first fixed point 
coincides with said second fixed point. 

9. A wafer transporter for moving a wafer over predetermined paths, comprising: 
a first elongated arm means having a wafer-holding end; 

10 a second elongated arm means rotatably joined at a first end thereof to the other end of said 10 
first oarm means, the second end of said second arm means being rotatably secured to a 
support means; 

variable ratio control means for said first and second arm means for extending, without sliding 
or rolling friction, said wafer-holding end between a first position adjacent said support means 
15 and a second position removed from said support means over a first predetermined path, the 15 
distance between said' first and second positions being at least several times the diameter of 
said wafer. 

10. A transporter as in claim 9, in which said control means moves said wafer holding end 
over at least one further predetermined path, said further path being in the same plane as said 

20 first path. 20 
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